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The editing instructions are shown in bold italic. Four editing instructions are used: change, delete, insert, and replace. Change is used to make corrections in existing text or tables. The editing instruction specifies the location of the change and describes what is being changed by using strikethrough (to remove old material) and underscore (to add new material). Delete removes existing material. Insert adds new material without disturbing the existing material. Insertions may require renumbering. If so, renumbering instructions are given in the editing instruction. Replace is used to make changes in figures or equations by removing the existing figure or equation and replacing it with a new one. Editorial notes will not be carried over into future editions because the changes will be incorporated into the base standard.

This amendment’s baseline is IEEE Std 802.11™–2007, as amended by

· Amendment 1 802.11k-2008

· Amendment 2 802.11r-2008

· Amendment 3 802.11y-2008

· Amendment 4 802.11w-2009

· Amendment 5 802.11n-2009

· Draft P802.11p_D11.0

· Draft P802.11s_D4.01

· Draft P802.11u_D8.04
· Draft P802.11v_D10.0

· Draft P802.11z_D7.0

· Draft P802.11aa_D0.04
4. Abbreviations and acronyms

Insert the following new acronym into Clause 4, while maintaining alphabetic ordering:

VA-MSDU
Video Aggregate MSDU
SFCS

Subfame Frame Check Sequence
QAB

Quieting Adjacent BSSs
Q-Beacon
Quasi-omni Beacon
D-CP

Directional Contention Period
DA-CP

Directional Association Contention Period

DR-CP

Directional Regular Contention Period

CMS

Common Mode Signalling
FEC

Forward Error Correction

FFT

Fast Fourier Transform

LDPC

Low Density Parity Check Codes

LFSR

Linear Feedback Shift Register

MCS

Modulation Coding Scheme

mmWave
Milli-meter Wave

OFDM

Orthogonal Frequency Division Multiplexing

RF

Radio Frequency

SC 

Single Carrier

PCES

Pilot Channel Estimation Sequence

PSD

Power Spectral Density

SNR

Signal to Noise Ratio
SINR 

Signal to Interference and Noise Ratio

RSSI

Received Signal Indicator
Insert the following clause 7.2.2.3 after clause 7.2.2.2:
7.2.2.3 Video Aggregate MSDU (VA-MSDU)
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Figure 7-17xx VA-MSDU structure

An VA-MSDU is a sequence of VA-MSDU subframes along with a combined MAC subheader as shown in Figure 7-17xx. A combined MAC subheader consists of an Aggregation ACK bitmap field, 16 subheader fields and a RX buffer size fields as shown in Figure 7-17xx. 
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Figure 7-17xx Combined MAC subheader structure

The Combined MAC subheader shall be formatted as shown in Figure 7-17xx. 
The Aggregation ACK Bitmap field is 2 octet field used to indicate the correctly received VA-MSDU subframes. The bit position zero which is the first bit from right in Figure 7-17xxx, corresponds to the first subframe that is being ACKed. If a subframe was correctly received, then the bit for that subframe is set to one and shall be set to zero otherwise. There can be up to 16 subframes aggregated into one VA-MSDU. For a VA-MSDU which consists less than 16 subframes, the conbined MAC subheader still has 16 subheaders. The Suframe length field shall be set to zero for the subframes that are not present. 
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Figure 7-17xx Subheader structure

The Subheader field shall be formatted as shown in Figure 7-17xx. 
The MCS Information fields indicate the MCS used for the corresponding VA-MSDU subframe. The mapping of a field value to the MCS is defined in section 17. 

The SFCS Indication field shall be set to one if the subframe uses an SFCS and shall be set to zero otherwise.
The Retry field shall be set to one if the subframe is a retransmission and shall be set to zero otherwise.
The Length Resolution field shall be set to zero if the resolution of the Subframe Length field is 1 octet and shall be set to one if the resolution is 512 octets.
The Subframe Length field is used to determine the length of the subframe before coding, not including the SFCS. If the resolution of the Subframe Length field is 1 octet, then this field contains the length of the subframe in octets. If the resolution of the Subframe Length field is 512 octets, then the length of the subframe in octets is 512 times the value of this field. If the Subframe length field is set to zero, the corresponding subframe is not present in the VA-MSDU.
The MSDU Offset field indicates offset of the MSDU number of the subframe relative to the MSDU number contained in the Sequence Control field of MAC header.
The Fragment Number field indicates the fragment sequence number of the subframe within the current MSDU, if the subframe contains a MSDU fragment. This field shall be set to zero if the corresponding subframe contains an unfragmented MSDU.
The RX buffer size field indicates the free buffer space at the target STA as a multiple of dot11MAXframeSize.
The HCS field contains the header check sequence for the combined MAC subheader as defined in xxx.
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Figure 7-17xx Subframe structure

The VA-MSDU subframe shall be formatted as shown in Figure 7-17xx. 

The Video MSDU field contains a fragmented or unfragmented videio MSDU up to 1048576 octets. 

The SFCS filed contains the subframe check sequence as defined in TBD. 

Add the following paragraphs at the end of 7.3.1.4:

After Figure 7-22, insert the following figure 7-xxx:

7.3.1.4 Capability Information field
For the mmWave PHYs, the Capability Information field shall be formatted as illustrated in Figure 7-xxx.

[image: image5.emf]B0

ESS

B1

IBSS

B2

CF 

Pollable

B3

CF-Poll 

Request

B4

Privacy

B5

Short 

Preamble

B6

PBCC

B7

Channel 

Agility

B8

Spectrum 

Mgmt

B9

QoS

B10

Short 

Slot Time

B11

APSD

B12

Rserved

B13

DSSS-

OFDM

B14

Delayed 

Block 

ACK

B15

Immediate 

Block 

ACK

B16

SC 

capable

B17

OFDM 

capable

B18

VA-

MSDU

B19

QAB

B20

Pilot 

word 

B21

Coexistence 

Action 

frame

B22 B23

LQI type

B24

Number of TX 

quasi-omni

B25 B26 B27 B28

Number of TX sectors

B31

Number of RX 

quasi-omni

B32

Number of RX sectors

B35 B36

Antenna type

B38 B39

Reserved


Figure 7-xx Capability Information field for 60GHz operation

After the last paragraph, insert the following paragraphs:

For the mmWave PHYs, the SC capable field shall be set to one if the STA supports the SC PHY. It shall be set to zero otherwise. 
For the mmWave PHYs, the OFDM capable field shall be set to one if the STA supports the OFDM PHY. It shall be set to zero otherwise. 

The VA-MSDU field shall be set to one if the STA supports VA-MSDU operation. It shall be set to zero otherwise.

The QAB field shall be set to one if the STA supports QAB operation. It shall be set to zero otherwise.

The Pilot Word field shall be set to one if the STA supports a pilot word of length 64. It shall be set to zero otherwise. 

The Coexistence Action Frame field shall be set to one if the STA supports Coexistence Action Frame transmission as specified in xxx. 

The LQI Type field indicates the type of LQI used in beam forming procedure. Valid value of the LQI type fields are 
0->RSSIr

1->SNR

2->SINR

3->Reserved

The Number of TX Quasi-omni Directions field indicates the number of TX quasi-omni directions supported by the STA.
The Number of RX Quasi-omni Directions field indicates the number of RX quasi-omni directions supported by the STA.

The Number of TX Sectors field indicates the number of TX sectors supported by the STA.
The Number of RX Sectors field indicates the number of RX sectors supported by the STA.

The Antenna Type field indicates the supported antenna type of the STA. Valid values of the Antenna Type field are as follows:

0->No beam forming capability

1->Beam forming antenna capable

2-7-> Reserved

Insert the following clause 7.3.1.31 after clause 7.3.1.30:

7.3.1.31 VA-MSDU Parameter Set field 

The VA-MSDU Parameter Set field is used in an ADDVA frames to signal the parameters for setting up an VA-MSDU transmission operation. The length of the VA-MSDU Parameter Set field is xxx octets. The VA-MSDU Parameter field is illustrated in Figure 7-xxx.
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Figure 7-xx VA-MSDU Parameter Set field

The Aggregation ACK policy subfield is set to 1 for immediate Aggregation ACK and 0 for no Aggregation ACK.  The value assigned by the originator of the QoS data frames is advisory. 

The TID subfield contains the value of the TC or TS for which the Aggregation ACK is being requested. 

The Requested Buffer Size subfield indicates the number of buffers of size dot11MAXframeSize octets available for this particular TID. In an ADDVA Request frame, the Buffer Size subfield is intended to provide guidance for the frame receiver to device its reordering buffer size and is advisory only. If the Buffer Size subfield is set to 0, it implies that the originator has no information to specify its value. In an ADDVA Response frame, this field shall be set to 0 if the recipient STA has no data to transmit and transmission is uni-directional. If the recipient STA also has video data to transmit, the field shall be set in the same way of the Request frame. 

The available Buffer Size subfield indicates the number of buffers of size dot11MAXframeSize octets available for this particular TID. 
The Allocated Buffer Size subfield indicates the number of buffers of size dot11MAXframeSize octets allocated for this particular TID. 
The Direction subfield indicates the direction of the VA-MSDU operation. The field values are defined in Table 7-xxx. 

Table 7-xxx—Direction subfield values
	Action field values
	Meaning

	0
	Uni-direction

	1
	Bi-direction

	2
	No data

	3
	Reserved


Insert the following clause 7.3.2.23a and 7.3.2.23b  after clause 7.3.2.23:

7.3.2.23a Quiet Period Request element
The Quiet Period Request element defines the duration and period of a silent period that the originating AP requests the recipient AP to follow. Upon receiving this element, it is up to the recipient AP to adjust its own quiet period by using the mechanism defined in 7.3.2.23 to silent the STAs associated. This mechanism facilitates detecting other systems operating in the same band for the purpose of coexistence. The format of the Quiet Period Request element is shown in Figure 7-xxx. 
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Figure 7-xxx Quiet Period Request element format
The length field shall be set to 12. 

The Request Token field is set to a nonzero value chosen by the originating AP.
The Quiet Period offset field shall be set to the offset of the start of the quiet interval from the QAB Request frame that contains this element, expressed in TUs. 

The Quiet Period field shall be set to the interval between two consecutive quiet periods, expressed in TUs.

The Duration field shall be set to duration of the quiet time, expressed in TUs. 
The Target BSSID field shall be set to the recipient AP’s BSSID. 
7.3.2.23b Quiet Period Response element

The Quiet Period Response element defines the feedback information from the AP that received the Quiet Period Request element. The format of the Quiet Period Request element is shown in Figure 7-xxx. 
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Figure 7-xxx Quiet Period Response element format
The length field shall be set to 6. 

The Request Token field value is copied from the corresponding received Quiet Period Request frame.

The BSSID field value is copied from the corresponding received Quiet Period Request frame.
The Status Code field is defined in 7.3.1.9.
Insert the following clause 7.3.2.34aafter clause 7.3.2.34:

7.3.2.34a Schedule for Directional PHY element

The Schedule element is transmitted by the HC to a non-AP STA to announce the schedule that the HC/AP follows for admitted streams originating from or destined to that non-AP STA in the future. The information in this element may be used by the non-AP STA for power management, internal scheduling, or any other purpose. The element information format is shown in Figure 7-3xxx.
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Figure 7-xxx Schedule for directional PHY element format
The Schedule Info field is shown in Figure 7-xxx.
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Figure 7-xxx Schedule Info field

The Aggregation subfield is set to 1 if the schedule is an aggregate schedule for all TSIDs associated with the non-AP STA to which the frame is directed. It is set to 0 otherwise. The TSID subfield is as defined in 7.1.3.5.1 and indicates the TSID for which this schedule applies. The Direction subfield is as defined in 7.3.2.30 and defines the direction of the TSPEC associated with the schedule. The TSID and Direction subfields are valid only when the Aggregation subfield is set to 0. If the Aggregation subfield is set to 1, the TSID and Direction subfields are reserved.

The Service Start Time field is 4 octets and indicates the anticipated time, expressed in microseconds, when service starts and represents the lower order 4 octets of the TSF timer value at the start of the first SP. The AP uses this field to confirm or modify the service start time indicated in the TSPEC request.
The Service Interval field is 4 octets and indicates the time, expressed in microseconds, between two successive SPs and represents the measured time from the start of one SP to the start of the next SP.
The Specification Interval field is 2 octets long and contains an unsigned integer that specifies the time interval, in TUs, to verify schedule conformance.
The beam forming field is shown in Figure 7-xxx.
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Figure 7-xxx Beam forming field

The Beam forming Present bit indicates if there is beam forming portion schedule in this time slot. 

The Beam forming Only bit indicates if the time is only reserved for beam forming.

The Ratio of Beam forming Portion field indicates the ratio of beam forming portion against the data portion in the schedule slot in percentage. 

Insert the following clause 7.3.2.xaafter clause 7.3.2.x:

7.3.2.x Quasi-omni Operation element

The Quasi-omni Operation element shall be formatted in Figure 7-xxx. This element shall be supported by STAs that only support directional PHYs.
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 Figure 7-xxx Quasi-omni Operation element format

The Quasi-omni beacon Info field shall be formatted in Figure 7-xxx.
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Figure 7-xxx Quasi-omni Beacon Info field
The Beacon Offset Time field contains the time in microseconds which is the start of this beacon frame delayed from the start of the TBTT.
The Beacon Index field indicates the index of the current beacon frame.
The Number Beacon Frames field indicates the number of beacon frames that will be sent as part of the quasi-omni beacon.
The Directional Antenna Capabilities field shall be formatted as illustrated in Figure7-xxx.
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Figure 7-xxx AP Directional Antenna Capabilies field
The Antenna Symmetry field shall be set to one if the AP has a symmetric antenna system (SAS) and shall be set to zero otherwise, i.e., the AP has an asymmetric antenna system (AAS).
The AP Beam Forming Capable bit shall be set to one if the AP is capable of beam forming and shall be set to zero otherwise.
The Sectors Only field shall be set to one if the AP supports only sectorized antenna and shall be set to zero otherwise.
The BST Support field shall be set to one if the AP supports beam switching/steering and tracking and shall be set to zero otherwise.
The Section Indication field shall be formatted as illustrated in Figure 7-xxx
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Figure 7-xxx Section Indication field
The DA-CP Present field shall be set to one if the directional association CP sections exist in the CP and shall be set to zero otherwise.
The DR C-P Present field shall be set to one if the directional regular CP sections exist in the CP and shall be set to zero otherwise.
The DA-CP info field shall be formatted as illustrated in Figure 7-xxx.
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Figure 7-xxx DA-CP Infor field
The DA-CP Start Time field specifies the start time offset of the directional association CP from the TBTT in microseconds.
The DA-CP Duration field specifies the duration of the DA-CP in microseconds.
The DA-CP Number is the same as the total number of PNC quasi-omni RX directions.
The Current DA-CP Number field specifies the number of directional association CPs in the current beacon interval.
The First AP Quasi-Omni RX Index field specifies the AP’s quasi-omni RX index that will be used in the first DA-CP in the current beacon interval.
The DR-CP info field shall be formatted as illustrated in Figure 7-xxx.
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Figure 7-xxx DR-CP Info field
The DR-CP Start Time field specifies the start time offset of the directional regular CP from the TBTT in microseconds.
The DR-CP Duration field specifies the duration of the DR-CP in microseconds.
The DR-CP Number is the same as the total number of PNC quasi-omni RX directions.
The Current DR-CP Number field specifies the number of directional association CPs in the current beacon interval.
The First AP Quasi-Omni RX Index field specifies the AP’s quasi-omni RX index that will be used in the first DR-CP in the current beacon interval.
7.3.2.x Multiband Support element

The Multiband Support element shall be formatted in Figure 7-xxx. This element may be transmitted in a probing frame to inform the supported bands of a STA. 
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Figure 7-xxx Multiband Support element format

The Multiband support field shall be formatted in Figure 7-xxx
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Figure 7-xxx Multiband support field

The 2.4GHz capable field shall be set to one if the STA support 2.4GHz band and shall be set to zero otherwise. 
The 5GHz capable field shall be set to one if the STA support 2.4GHz band and shall be set to zero otherwise. 

Insert the following clause 7.4.1.x after clause 7.4.1.x:

7.4.7.x QAB Request frame format
The QAB Request Action frame is transmitted by an AP to request another AP to quiet the operating channel to facilitate the detection of other system operating in the same band. The format of the QAB Action frame body is shown in Table 7-xxx.

Table 7-xxx—QAB Request frame body
	Order
	Information

	1
	Category

	2
	Action

	3
	Dialog Token

	4
	RequesterAP Address

	5
	ResponderAP Address

	6
	Quiet Period Request Element


The Category field is set to the value indicating the Public category, as specified in Table 7-24 in 7.3.1.11. 
The Action field is set to the value indicating QAB Request frame, as specified in 7.4.7.1.
The Dialog Token field is set to a nonzero value chosen by the AP.
The RequesterSTAAddress field is the MAC address of the requesting AP that initiates the process. The length of this field is 6 octets.

The ResponderSTAAddress field is the MAC address of the responding AP. The length of this field is 6 octets.

The Quiet Period Request Element is defined in 7.3.2.23a. 
7.4.7.x QAB Response frame format
An QAB Response frame is sent in response to an QAB Request frame. The frame body of an QAB Response frame contains the information shown in Table 7-xxx.
Table 7-xxx—QAB Response frame body
	Order
	Information

	1
	Category

	2
	Action

	3
	Dialog Token

	4
	RequesterAP Address

	5
	ResponderAP Address

	4
	Quiet Period Response Element


The Category field is set to the value indicating the Public category, as specified in Table 7-24 in 7.3.1.11. 
The Action field is set to the value indicating QAB Response frame, as specified in 7.4.7.1.
The Dialog Token field value is copied from the corresponding received QAB Request frame.
The RequesterSTAAddress field is the MAC address of the requesting AP that initiates the process. The length of this field is 6 octets.

The ResponderSTAAddress field is the MAC address of the responding AP. The length of this field is 6 octets.
The Quiet Period Response Element is defined in 7.3.2.23b.
7.4.7.x Coexistence Action frame format
A Coexistence Action frame is transmitted by a STA to STAs in adjacent BSSs to avoid co-channel interference and achieve coexistence. The frame body of a Coexisntence Action frame shall be formatted as shown in Table 7-xxx.

Table 7-xxx—QAB Response frame body
	Order
	Information

	1
	Category

	2
	Action

	3
	SenderSTA Address

	4
	Schedule element


The Category field is set to the value indicating the Public category, as specified in Table 7-24 in 7.3.1.11. 
The Action field is set to the value indicating QAB Request frame, as specified in 7.4.7.1.

The SenderSTAAddress field is the MAC address of the STA that initiates the process. The length of this field is 6 octets.
The Schedule element is defined in 7.3.2.34.
Insert the following clause 7.4.11 after clause 7.4.10:

7.4.10 Aggregate MSDU Action frame details
The ADDVA frames are used to set up video transmission with aggregation. The Action field values associated with each frame format within the VA-MSDU category are defined in Table 7-xxx.

Table 7-xxx—VA-MSDU Action field values
	Action field values
	Meaning

	0
	ADDVA Request

	1
	ADDVA Response

	2-255
	Reserved


7.4.10.1 ADDVA Request frame format

An ADDVA Request frame is sent by an STA that needs to originate aggregate video transmission. The frame body of an ADDVA Request frame contains the information shown in Table 7-xxx.

Table 7-xxx—ADDVA Request frame body
	Order
	Information

	1
	Category

	2
	Action

	3
	Dialog Token

	4
	VA-MSDU Parameter Set


The Category field is set to TBD (representing VA-MSDU).

The Action field is set to 0 (representing ADDVA request).

The Dialog Token field is set to a nonzero value chosen by the STA.

The VA-MSDU Parameter Set field is defined in 7.3.1.31. 

7.4.10.1 ADDVA Response frame format

An ADDVA Response frame is sent in response to an ADDVA Request frame. The frame body of an ADDVA Request frame contains the information shown in Table 7-xxx.

Table 7-xxx—ADDVA Request frame body
	Order
	Information

	1
	Category

	2
	Action

	3
	Dialog Token

	4
	Status code

	5
	VA-MSDU Parameter Set


The Category field is set to TBD (representing VA-MSDU).

The Action field is set to 1 (representing ADDVA response).

The Dialog Token field value is copied from the corresponding received ADDVA Request frame.

The status code field is defined in 7.3.1.9. 

The VA-MSDU Parameter Set field is defined in 7.3.1.31. 

7.4.10.1 ADDVA Confirm frame format

An ADDVA Confirm frame is sent in response to an ADDVA Response frame. The frame body of an ADDVA confirm frame contains the information shown in Table 7-xxx.

Table 7-xxx—ADDVA Request frame body
	Order
	Information

	1
	Category

	2
	Action

	3
	Dialog Token

	4
	Status code

	5
	VA-MSDU Parameter Set


The Category field is set to TBD (representing VA-MSDU).

The Action field is set to 2 (representing ADDVA confirm).

The Dialog Token field value is copied from the corresponding received ADDVA Request frame.

The status code field is defined in 11.19. 

The VA-MSDU Parameter Set field is defined in 7.3.1.31. 

Insert the following clause 7.4.11 after clause 7.4.10:

Insert the following clause 9.7j after clause 9.7i:

9.7j VA-MSDU operation

Figure 9-17xx illustrates the aggregation process. The originating STA, upon receiving an MSDU, maps it into a subframe payload. If the length of the MSDU exceeds the predetermined value indicated in the dot11PreferredFragmentSize as defined in xxx, the MSDU shall be fragmented and mapped into multiple subframe payloads. Each MSDU is assigned an unique MSDU number for identification. If fragmentation is adopted, each fragment is assigned a fragment number for identification within the MSDU. All the fragments of the same MSDU shall have the same MSDU number.

A subheader is created and configured for each subframe to contain the necessary information that helps the target STA to retrieve the original data. If fragmentation is used, the fragment number of each subframe is written in the Fragment Number field of subheader. This field shall be set to zero if the subframe contains an unfragmented MSDU. On the other hand, only the order offset relative to the MSDU number of the first subframe is written in the subheader. The MSDU number of the first subframe shall be placed in the Sequence Control field in the MAC header as the reference for the target STA to calculate the MSDU number of each subframe. The ACK Policy field in MAC header shall be set to Aggregation-ACK.
All the subheaders are combined together to form the Combined MAC subheader. As specified in 7.2.2.3, the Cominbed MAC subheader is with the fixed length of 84 octets that allows up to 16 subframes aggregated into a single frame. For a frame containing less than 16 subframes, the Subframe Length field in subheader shall be set to zero to indicate the corresponding subframe is not present.
After receiving an VA-MSDU, the target STA divides it into subframes according to the information in Combined MAC subheader, validates each subframe by SFCS. To recreate the original MSDU, the MSDU number of each subframe is required. The MSDU number is calculated by adding up the reference MSDU number written in MAC header and MSDU offset in subheader as defined in 7.2.2.3. If fragmentation is performed at the originating STA, the target STA can understand the fragment number of each subframe by reading the Fragment Number field in subheader as defined in 7.2.2.3.

The VA-MSDU aggregation supports unidirectional and bidirectional data transmission by attaching ACK information with data. For unidirectional transmission, the target STA upon receiving an aggregated frame replies an empty data frame with the Aggregation-ACK Bitmap field properly configured to support retransmission. For bidirectional data transmission, the target STA sends ACK information with real data if any in the same frame to the originating STA.
Aggregation-ACK shall only be used with an aggregated frame. The destination upon receiving an aggregated frame checks each subframe. Based on the status of the subframe, either correctly or incorrectly received, the corresponding bit of the Aggregation-ACK Bitmap field of the MAC subheader will be set as described in 7.2.2.3. The originating STA after reading the Aggregation-ACK Bitmap field in MAC subheader handles subframe retransmission.
For example, if the destination correctly receives subframes 0-4, 6, and 8-10, then the destination would set bits 0-4, 6 and 8-10 to one and the rest of the bits in the Aggregation-ACK Bitmap field to zero.
If the MAC subheader is incorrectly received by the target STA, all the subframes in the frame are considered invalid.
If the Combined MAC subheader is correctly received, but some of the subframes are incorrectly received, then the target STA responds with a data frame with the Aggregation-ACK Bitmap field in the MAC subheader set to indicate the subframes that were incorrectly received, as described in 7.2.2.3. If the data transmission is unidirectional from originating STA to target STA, the data frame sent back by the target STA shall be an empty data frame.
In any frame sent by the originating STA, any retransmitted subframes shall be put in the original order. The MSDU Number field in MAC header shall be set to the value of the first subframe, no matter it is a retransmission or a newly aggregated subframe.

If the originating STA wants to drop certain retransmissions, it advances the MSDU number in MAC header to inform the target STA that any subframe with the MSDU number older than this will not be retransmitted anymore. 
In case that the Aggregation-ACK is lost, the originating STA may retransmit the same frame after RIFS. The subframes contained will be the same as those of the previous transmitted frame. The retry bit in MAC header shall be set to one to allow the target STA understand that the same frame is retransmitted. For any frame that contains different subframes from pervious transmission, the Retry bit in MAC header shall be set to zero.
To avoid buffer overflow, the originating and target STAs may exchange empty data frame with the RX Buffer Size field properly configured as defined in 7.2.2.3 to inform each other the available receiving buffer size. This information is used by the STAs to adjust the subframe number and subframe length when sending data.
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Figure 9-17xx Aggregation operation

Insert the following clause 9.14 and 9.15 after clause 9.13:

9.14 Support for directional PHYs

If a PHY does not support omni-directional modes of operation or if it allows STAs that do not support omni-directional modes of operation, then the beacon the CFP and CP need additional features to enable theses STAs to operate. In particular, the timing for STAs using these PHY modes will be different, as illustrated in Figure 9-13xx.

This subclause defines optional procedures to enable STAs to associate and operate with PHYs that do not have omni-directional modes. 
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Figure 9-17xx Timing for supporting directional PHYs
9.14.1 Quasi-omni beacon
Quasi-omni coverage during beaconing shall be supported by repeating the beacon frame I(1,t) times and sending each repetition with a different TX antenna, quasi-omni direction, or array pattern. Each repetition is followed by a BSIFS. The I(1,t) antenna directions or array patterns shall be identified by indices zero through I(1,t) -1. The number of beacon frame repetitions I(1,t) and the index of the current beacon transmit direction are parameters in the Quasi-omni Operation element, as described in 7.xxx. In the following the term direction shall be used to refer to an antenna direction or an array pattern.
9.14.2 Directional CP
The directional CPs may be classified into two groups, directional association CP and directional regular CP as shown in Figure 9-13xx. If AP allows new association requests, an directional association AP exists at the CP. There may be I(1,r1) equal size directional association CPs (DA-CPs) corresponding to some of the I(1,r) AP different quasi-omni receive directions within one BI or distributed over multiple BIs. There may be I(1,r1) equal size directional regular CPs (DR-CPs) corresponding to some of the I(1,r) AP different quasi-omni receive directions within one BI or distributed over multiple BIs. Each DR-CP is received by the AP using a different antenna receive direction.
The directional association CP shall be used solely for devices to send association request commands to the PNC. The directional regular CP may be used for all other command and data exchanges.
If the AAS field in the Quasi-omni Operation element is set to zero, indicating that the PNC is SAS, the number of DA-CPs shall be one-to-one with the number of quasi-omni beacons (I(1,t) = I(1,r)). That is, the AP transmit direction used for the ith (i = 0, 1, ,2, …, I(1,r) – 1) beacon frame transmission shall be used for the ith DA-CP respectively.
If the AAS field in the Quasi-omni Operation element is set to one, indicating that the PNC is AAS, the number of DA-CPs shall be equal to I(1,r) which is specified in the Quasi-omni Operation element. The special case where I(1,r) = 1 indicates that the AP is omni capable on reception.
9.14.3 Directional association
A STA that is not omni capable on reception and supports multiple receive directions shall implement directional association. Let I(1,t) and I(1,r) be the number of AP quasi-omni transmit and receive directions respectively, and let I(2,t) and I(2,r) be the number of STA quasi-omni transmit and receive directions, respectively, of a STA that wants to find a AP and associate with that AP.
While searching for a AP, a STA shall listen to quasi-omni beacons at all I(2,r) quasi-omni receive directions to find the best antenna direction pairs based on LQI measurement. The STA shall use the best STA quasi-omni receive direction to receive further transmissions from the PNC when quasi-omni transmission is used. The STA shall include the information of the best PNC quasi-omni transmit direction in its Association Request commands to inform the AP the best PNC quasi-omni transmit direction for further quasi-omni transmissions to the STA.
The association procedure of a STA depends on the antenna types at both the AP and the STA. The STA shall transmit one or multiple Association Request commands. If both the STA itself and the AP utilize SAS antennas, this command shall be transmitted on STA antenna quasi-omni direction I(2,t) = I(2,r), during the DA-CP with index, I(1,t). The transmission shall obey the rules for contention access as described in 9.1.1.
If either the STA or the AP is AAS, the STA does not know which quasi-omni transmit direction to use, nor which DA-CP is the best. In this case, the STA shall transmit the Association Request command at different antenna direction pairs during DA-CPs in one or multiple BIs until it receives an Association Response command successfully or association timeout. The Association Response command shall include the information of the antenna direction pair from which it receives the Association Request command.
Once an Association Response command or an Imm-ACK to the Association Request command is received successfully, the STA shall cease the transmission of Association Request command in association DA-CPs and ignore other copies of the same Association Response command from AP. The STA shall use the DR-CP of the PNC quasi-omni receive direction carried in the Association Response command for all further CP transactions with the AP before the completion of the best antenna direction pair searching. In addition, the STA shall use the STA transmit quasi-omni direction carried in the Association Response command before the completion of the best antenna direction pair searching.
9.15 Coexistence action frame transmission

Coexistence Action Frame Transmission is an optional function that mitigates co-channel interference due to a hidden AP that prevents STAs in different BSS from detecting an existing BSS on the same channel. A STA indicates if it is capable of sending coexistence action frame by setting the Coexistence Action Frame Capable bit in the Capability Information field as described in 7.3.1.4.
The PC or HC controls the transmission of coexistence action frame by STAs by sending a Coexistence Action Frame Frequency element, as defined in TBD, in a Probe Command to a STA that is capable of sending coexistence action frames. The PC or HC sets the frequency with which the frames will be sent by setting the Sync Frame TX Frequency field to the appropriate value.
When the a STA that is capable of sending Coexistence Action frames receives the Sync Frame Frequency element from the PC or HC, it sends a Coexistence Action frame in the first transmission opportunity after the next TBTT. The STA continues sending the Coexistence Action frame every Coexistence Action Frame TX Frequency BIs as defined in the Coexistence Action Frame Frequency element. 
A PC or HC may use Coexistence Action Frames that it receives from STAs in another BSS to adjust the timing avoid interference with the other BSS operating in the same channel.
Insert the following clause 11.19, 11.20 after clause 11.18:

11.19 Aggregate Video MSDU Setup operation

The Aggregate Video MSDU setup operation shall be initiated by the SME. The setup procedure is described in this subclasue. 
11.19.1 Procedure at the originator 
Upon receipt of an MLME-ADDVA.request primitive, an initiating STA that intends to send video frames under the VA-MSDU mechanism shall set up the VA-MSDU operation using the following procedure as shown in Figure 11-xxx: 

a) Check whether the recipient STA is capable of participating in the VA-MSDU mechanism by checking the VA-MSDU capability bit. If the recipient is capable of participating, the originator sends an ADDVA Request frame indicating the TID, Requested Buffer size, available Buffer size, ACK policy and direction of the operation. 

b) If an ADDVA Response frame is received with the matching dialog token and the TID and with a status code set to a value of 0, the STA shall check the Requested Buffer size, Allocated Buffer size and Direction fields of the frame and send an ADDVA Confirm frame with result code.
1) The result code is SUCCESS if the originating STA accepted the Requested Buffer size and Allocated buffer size at the recipient STA. The Direction field shall be set to Bi-direction if the recipient STA has video data to transmit and the originating STA has accepted the buffer request.
2) The result code is REFUSED, the VA-MSDU setup is not considered to have been established. The MLME shall issue an MLME-ADDVA.confirm primitive indicating the failure of the VA-MSDU setup.
c) If an ADDVA Response frame is received with the matching dialog token and the TID and with a status code set to a value other than 0, the STA has not established an VA-MSDU mechanism with the recipient STA; and the MLME shall issue an MLME-ADDVA.confirm primitive indicating the failure of the VA-MSDU setup. 

d) If there is no response from the recipient within doc11ADDVAFailureTimeout, the STA has not established an VA-MSDU mechanism with the recipient STA; and the MLME shall issue an MLME-ADDVA.confirm primitive with a results code of TIMEOUT.
e) If an Imm-ACK is received within doc11ADDVAFailureTimeout after ADDVA Confirm fame is sent out,  the STA has established a VA-MSDU mechanism with the recipient STA; and the MLME shall issue and MLME-ADDVA.confirm primitive indicating the successful completion of the VA-MSDU setup. 

f) If there is no Imm-ACK from the recipient STA after the ADDVA Confirm frame is sent within doc11ADDVAFailureTimeout, the STA has not established an VA-MSDU mechanism with the recipient STA; and the MLME shall issue an MLME-ADDVA.confirm primitive with a results code of TIMEOUT.

11.19.2 Procedure at the recipient 

A recipient shall operate as follows in order to support VA-MSDU setup procedure.
a) When an ADDVA.Request frame is received from another STA, the MLME shall issue an MLME-ADDVA.indication primitive.

b) Upon receipt of the MLME-ADDVA.response primitive, the STA shall respond by an ADDVA.Response frame with a result code.
1) The result code is SUCCESS, if the STA has accepted the buffer request from the originating STA. Contained in the response frame is the type of the Aggregation-ACK, the buffers allocated. The requested buffer size shall be included in the response frame and sent back to the originating STA.
2) If the result code is REFUSED, the VA-MSDU setup is not considered to have been established. 

g) If an ADDVA Confirm frame is received within doc11ADDVAFailureTimeout after ADDVA Response fame is sent out,  the STA has established a VA-MSDU mechanism with the recipient STA; and the MLME shall issue and MLME-ADDVA.indicate primitive indicating the successful completion of the VA-MSDU setup. The STA shall send a Imm-ACK to acknowledge the reception of the Confirm frame.
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Figure 11-xx VA-MSDU Setup

11.20 Quieting Adjacent BSS operation

11.19.1 Procedure at the originator 

Upon receipt of an MLME-QAB.request primitive, an initiating AP that intends to start the Quiet Adjacent BSS operation should use the following procedure as shown in Figure 11-xxx: 

a) Check whether the recipient AP is capable of participating in the QAB mechanism. The originator sends an QAB Request frame indicating the duration, period and offset of the quiet period. The originator may include multiple Quiet Period Request elements in one frame targeting to multiple APs. 
b)  If an QAB Response frame is received with the matching dialog token and request token with a status code set to a value of 0, the AP has confirmed the recipient AP will schedule the requested quiet period; and the MLME shall issue an MLME-QAB.confirm primitive indicating the successful of the procedure. 
c) If an QAB Response frame is received with the matching dialog and request token with a status code set to a value other than 0, the AP is failed in requesting the recipient AP to schedule the corresponding quiet period; and the MLME shall issue an MLME-QAB.confirm primitive indicating the failure of the procedure. 

d) If there is no response from the receipent within doc11QABTimout, the AP is failed in requesting the recipient AP to schedule the corresponding quiet period; and the MLME shall issue an MLME-QAB.confirm primitive indicating the failure of the procedure with a result code of TIMEOUT.
Note- the mechanism for the AP to check whether the recipient AP is capable of participating in the QAB mechanism is defined in other project such as P802.11u.
Note- The frame may be sent by any legal band that both the originator and recipient support.
11.19.2 Procedure at the recipient 

A recipient shall operate as follows in order to support the operation.

a) When an QAB.Request frame matching the BSSID is received from another AP, the MLME shall issue an MLME-QAB.indication primitive.

b) Upon receipt of the MLME-QAB.response primitive, the AP shall respond by an QAB.Response frame with a result code.

1) If the result code is SUCCESS, the procedure is considered to be completed. Contained in the frame is the copy of the request token and the BSSID of the AP.

2) If the result code is REFUSED, the procedure is failed.
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Figure 11-xx Quieting Adjacent BSS operation

17. mmWave PHY specification
This document presents a complete 60 GHz PHY Layer Proposal fulfilling the requirements of the IEEE 802.11 Task Group ad. The proposed data rates range from 25.3 Mbps up to 7 Gbps, with a high level of scalability, in terms of available data rates, channelization, PHY parameters and complexity. The hybrid PHY design is proposed consisting of Single Carrier (SC) PHY and Orthogonal Frequency Division Multiplexing (OFDM) PHY. In terms of supported data rate range, three classes of modulation coding schemes are proposed with 12 combinations of modulations and coding. This proposal targets a wide range of wireless connectivity applications from low power low cost implementations to a very high performance requirement.
17.1 Overview

A hybrid PHY design is proposed which including two millimeter PHY modes.

1. Single Carrier mode in mmWave PHY (SC PHY)

2. Orthogonal Frequency Division Multiplex mode in mmWave PHY (OFDM PHY)
17.3 General requirements
17.3.1 RF channelization

The RF channelization of mmWave PHYs for 802.11ad is proposed in the following Table.
Table 17-1 RF Channelization
	mmWave PHY channelization

	CHNL_ID
	Start frequency
	Center frequency
	Stop frequency

	1
	57.240 GHz
	58.320 GHz
	59.400 GHz

	2
	59.400 GHz
	60.480 GHz
	61.560 GHz

	3
	61.560 GHz
	62.640 GHz
	63.720 GHz

	4
	63.720 GHz
	64.800 GHz
	65.880 GHz


17.3.2 Transmit PSD mask

The transmitted spectrum shall adhere to the transmit spectrum mask shown in Figure below. The bandwidth of 0dBr, -20dBr, -25dBr and -30dBr are 1.88GHz, 2.2GHz, 3.2GHz and 4.4GHz, respectively. For the transmit mask measurements, the resolution bandwidth is set to 3 MHz and video bandwidth to 300 kHz. 
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Figure 17-1 Transmit spectral mask
17.3.3 Common Mode Signaling (CMS) Support
In order to ensure the interoperability between proposed SC mode PHY and OFDM mode PHY, a signal scheme shall be defined as the common signaling (CMS) scheme. The CMS is a low data rate SC PHY mode. The inter-PHY-mode signaling is used for transmission of certain control messages such as training sequence in the beamforming procedure, sync frame, etc. A compliant STA shall be able to transmit and receive the CMS.
The PLCP CMS frame shall be formatted as illustrated in Figure 17-2.
	PLCP CMS PREAMBLE
	PLCP CMS SIGNAL
	DATA


Figure 17-2 PLCP CMS frame format

The PLCP CMS PREAMBLE is specified in Figure 17-10 (a). The PLCP CMS SIGNAL shall include the PHY header and RS parity bits.
The chip rate for PLCP CMS is 1760Mchip/s. The modulation for the CMS is /2 BPSK as specified in 17.4.2.8. The forward error correction scheme for CMS is RS (255, 239) for DATA and a shortened RS code RS (n+16, n) is used for CMS SIGNAL, as specified in 17.4.2.5. In order to secure the packet based transmission of CMS, code spreading by means of Golay sequences is proposed. The details of code spreading for CMS are specified in 17.4.2.7. Scrambling shall be used for the HCS, and the entire DATA.

The construction process of the PLCP SIGNAL and DATA are specified in 17.4.3.2 and 17.4.3.3.

17.4 Single Carrier (SC) mode for mmWave PHY

For Single Carrier Mode PHY, we propose three classes of modulation and coding schemes (MCSs) targeting different wireless connectivity applications.

1. Class 1: for low-power low-cost mobile market with a relatively high data rate up to 1.5Gb/s;

2. Class 2: for applications requiring intermediate data rate up to 3Gb/s;

3. Class 3: for high performance application with data rates more than 5Gb/s. 
17.4.1 SC Mode PHY operating specifications

17.4.1.1 Operating frequency range

The SC PHY operates in the 57.0-66.0 GHz frequency range as allocated by the regulatory agencies in Europe, Japan, Canada and the United States as well as any other areas where the regulatory bodies have allocated this band.

17.4.1.2 Channelization

The RF channels are defined in Table 17-1. 
17.4.2 Modulation, forward error correction and spreading

Four modulation types are proposed for SC PHY. They are π/2-shift BPSK (π/2 BPSK), π/2 QPSK, π/2 8PSK, and π/2 16-QAM. The FEC schemes proposed are RS block codes and LDPC block codes. 

17.4.2.1 MCS related parameters

The MCS dependent parameters shall be set according to Table 17-2. The data rates in the table are approximate and are calculated to three significant figures. The PLCP CMS is part of Class 1.  
	

	Table 17-2 MCS related parameters

	MCS
class
	MCS
identifier
	Data rate
(Mb/s) with pilot word length = 0
	Data rate
(Mb/s) with pilot word length = 64
	Modulation
	Spreading
factor, LSF
	FEC type

	
	
	
	
	
	
	

	Class1
	0
	25.3 (CMS)
	--
	π /2 BPSK
	64
	RS

(255,239)

	
	1
	412
	361
	
	4
	

	
	2
	825
	722
	
	2
	

	
	3
	1650
	1440
	
	1
	

	
	4
	1320
	1160
	π /2 BPSK
	1
	LDPC

(672,504)

	
	5
	440
	385
	π /2 BPSK
	2
	LDPC

(672,336)

	
	6
	880
	770
	
	1
	

	Class2
	7
	1760
	1540
	π /2 QPSK
	1
	LDPC

(672,336)

	
	8
	2640
	2310
	π /2 QPSK
	1
	LDPC

(672,504)

	
	9
	3080
	2700
	π /2 QPSK
	1
	LDPC

(672,588)

	
	10
	3290
	2890
	π /2 QPSK
	1
	RS

(255,239)

	Class3
	11
	3960
	3470
	π /2 8-PSK
	1
	LDPC

(672,504)

	
	12
	5280
	4620
	π /2 16-QAM
	1
	LDPC

(672,504)


MCS identifier 0 a.k.a CMS shall be the base rate of the SC PHY. Among all the MCSs, support for MCS identifier 0 and MCS identifier 3 is mandatory for SC PHY STAs. The FEC codes, n, representing codeword length and k denotes the number of information bits. RFEC, is the FEC code rate which is equivalent to k/n. Pilot word LPW for all MCSs shall be 64, except for the base rate with LPW =0. 

17.4.2.2 SIGNAL rate dependent parameters

The SIGNAL rate dependent parameters shall be set according to Table 17-3. The SIGNAL shall use an RS(23,7) as the FEC. 

	 Table 17-3 SIGNAL rate dependent parameters

	SIGNAL rate
(Mb/s)
	Modulation
scheme
	Spreading
factor, LSF

	12.3
	/2 BPSK
	64

	219.7
	/2 BPSK
	2


17.4.2.3 Timing related parameters

Table 17-4 lists the general timing parameters associated with the SC PHY.

	Table 17-4 Timing related parameters 

	Parameter
	Description
	Value
	Unit
	Formula

	Rs
	Symbol rate
	1760
	Mchip/s
	

	Ts
	Symbol duration
	~0.568
	Ns
	1/Rc

	Lsubblock
	Subblock length
	512
	Chips
	

	LPW
	Pilot word length
	0
	64
	Chips
	

	TPW
	Pilot word duration
	0
	~37.0
	Ns
	

	LDC
	Length of data chips per subblock
	512
	448
	Chips
	

	Tsubblock
	Subblock duration
	~290.9
	Ns
	Lsubblock×Tc

	Rsubblock
	Subblock rate
	~3.44
	MHz
	1/Tsubblock


17.4.2.5 Forward Error Correction

The forward error correction codes proposed for 11ad system are Reed-Solomon Block (RS) codes and Low Density Parity Check (LDPC) codes.

17.4.2.5.1 Reed-Solomon block codes in GF(28)

The generator polynomial for the systematic RS codes is defined as:
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where = 0x02 is a root of the binary primitive polynomial p(x)=1+x2+x3+x4+x8. As notation, the element M = b7x7 + b6x6 + b5x5 + b4x4 + b3x3 + b2x2 + b1x1 + b0, has the binary representation b7b6b5b4b3b2b1b0, where b7 is the msb and b0 is the lsb.

The first 239 information octets i = (i238, i237, …, i0) are used to generate the codeword octets c = (i238, i237, …, i0, p15, p14, …, p0) by computing the parity check polynomial (remainder polynomial) p(x): 
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where i(x) is the information polynomial: 
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and pn, n = 0, …, 15, and in, n = 0, …, 238, are elements of GF(28). The shortened RS code is defined as (Linf+16, Linf), where Linf indicates length of transmitted information bits. 239-Linf zero elements are appended to the incoming Linf octet message as follows:
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The inserted zero elements are not transmitted. For RS(23,7) Linf = 17 while for RS(56,40) Linf = 40. 

The RS(255,239) is used for PLCP CMS data field. The shortened version of RS(255, 239) codes, i.e., the RS(23,7) is used in the PLCP SIGNAL, respectively. 

17.4.2.5.2 Low Density Parity Check Codes (LDPC)

Low density parity check codes are proposed as a FEC codes to provide a high performance error correction. The LDPC codes selected are irregular LDPC codes with three code rates: ½, ¾, and 7/8. The corresponding parameters of selected codes are described in Table 17-5. 
The proposed LDPC codes are systematic codes. Every k information data are encoded to a codeword with length n. The codeword c can be represented as 
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Where 
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 stands for jth parity bit. The LDPC codes can be decoded using the parity check matrix H, where H is an (n , k) × n. 

	Table 17-5 Parameters of Selected LDPC Codes

	FEC rate, RFEC
	Information block length (bits), Linf
	Codeword block length (bits), LFEC

	1/2
	336
	672

	3/4
	504
	672

	7/8
	588
	672
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1 2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

1 - - - 5 - 18 - - - - 3 - 10 - - - - - - 5 - - - - - - - - - - - -

2 0 - - - - - 16 - - - - 6 - - - 0 - 7 - - - - - - - - - - - - - -

3 - - 6 - 7 - - - - 2 - - - - 9 - 20 - - - - - - - - - - - - - - -

4 - 18 - - - - - 0 10 - - - - 16 - - - - 9 - - - - - - - - - - - - -

5 5 - - - - - 18 - - - - 3 - 10 - - 5 - - - - - - 4 5 - - - - - - -

6 - 0 - - - - - 16 6 - - - 0 - - - - - 7 - 4 - - - - - 10 - - - - -

7 - - - 6 - 7 - - - - 2 - - - - 9 - 20 - - - 4 - - - - - 19 - - - -

8 - - 18 - 0 - - - - 10 - - - - 16 - - - - 9 - - 12 - - 4 - - - - - -

9 - 5 - - - - - 18 3 - - - - - 10 - - 5 - - 4 - - - - - - - - - - -

10 - - 0 - 16 - - - - 6 - - - 0 - - - - - 7 - 4 - - - - - - - - - -

11 6 - - - - - 7 - - - - 2 9 - - - - - 20 - - - 4 - - - - - - - - -

12 - - - 18 - 0 - - - - 10 - - - - 16 9 - - - - - - 12 - - - - - - - -

13 - - 5 - 18 - - - - 3 - - - - - 10 - - 5 - - 4 - - - - 5 - 7 - - -

14 - - - 0 - 16 - - - - 6 - - - 0 - 7 - - - - - 4 - 10 - - - - - 19 -

15 - 6 - - - - - 7 2 - - - - 9 - - - - - 20 - - - 4 - 19 - - - - - 10

16 18 - - - - - 0 - - - - 10 16 - - - - 9 - - 12 - - - - - - 4 - 17 - -

(672,504), Code rate: 3/4

1 2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

1 0 - - 5 - 18 16 - - - 3 6 10 - - 0 - 7 - 5 - - 4 4 - 10 - 5 - - - -

2 - 18 6 - 7 - - 0 10 2 - - - 16 9 - 20 - 9 - 4 12 - - 4 - 19 - - - - -

3 5 0 - - - - 18 16 6 - - 3 0 10 - - 5 - 7 - 4 - - 4 5 - 10 - 19 - - -

4 - - 18 6 0 7 - - - 10 2 - - - 16 9 - 20 - 9 - 4 12 - - 4 - 19 - 10 - -

5 - 5 0 - 16 - - 18 3 6 - - - 0 10 - - 5 - 7 4 4 - - - 5 - - - - - -

6 6 - - 18 - 0 7 - - - 10 2 9 - - 16 9 - 20 - - - 4 12 19 - - - - - - -

7 - - 5 0 18 16 - - - 3 6 - - - 0 10 7 - 5 - - 4 4 - 10 - 5 - 7 - 19 -

8 18 6 - - - - 0 7 2 - - 10 16 9 - - - 9 - 20 12 - - 4 - 19 - 4 - 17 - 10

(672,588), Code rate: 7/8

1 2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

1 0 18 6 5 7 18 16 0 10 2 3 6 10 16 9 0 20 7 9 5 4 12 4 4 4 10 19 5 10 - - -

2 5 0 18 6 0 7 18 16 6 10 2 3 0 10 16 9 5 20 7 9 4 4 12 4 5 4 10 19 19 10 - -

3 6 5 0 18 16 0 7 18 3 6 10 2 9 0 10 16 9 5 20 7 4 4 4 12 19 5 4 10 17 19 10 -

4 18 6 5 0 18 16 0 7 2 3 6 10 16 9 0 10 7 9 5 20 12 4 4 4 10 19 5 4 7 17 19 10


	Figure 17-3 Parity Check Matrix of Proposed LDPC Codes


The parity check matrix of three proposed LDPC codes are with the dimension of 336×672, 168×672, and 84×672. Each of the parity check matrices can be partitioned into square subblocks (submatrices) of size z×z (z=21). These submatrices are either cyclic-permutation of the identity matrix 
[image: image33.wmf]i

p

or null (all-zero) submatrices. 
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indicates the submatrix obtained by cyclically shifting columns to the left by i elements.  Examples of cyclic-permuted identity matrix 
[image: image35.wmf]i
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 are provided below.
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. The matrix permutation indices of parity-check matrices for all the three code rates LDPC codes are provided in Figure 17-3. 

17.4.2.6 Stuff bits

Stuff bits shall be added to the end of the encoded DATA if the number of the encoded data bits is not an integer multiple of the subblock length. The encoded DATA shall be concatenated with stuff bits of length LSTUFF so that the resulting DATA is aligned on the subblock symbol boundary. The stuff bits shall be set to zero and then scrambled using the continuation of the scrambler sequence that scrambled the DATA. 
17.4.2.7 Code Spreading

Code spreading is proposed to increase robustness in SIGNAL and DATA. Two categories of spreading are defined as shown in Table 17-6.

Table 17-6 Code Spreading Parameters

	Category
	Spreading Technique
	Spreading factor
	Application

	1
	Golay sequences
	64
	Signal and Data fields

	2
	PRBS codes
	2, 4
	Class 1 MCSs with specified spreading factors and PLCP SIGNAL


where Golay sequences refers to length 64 Golay codes as defined in 17.4.2.7.1 and PRBS codes are referred as pseudo random binary sequence  codes generated by linear feedback shift register (LFSR) as defined in 17.4.2.7.2. 

17.4.2.7.1 Golay sequences

Two Golay Sequences are defined as the spreading codes for CMS of Class 1 MCSs with spreading factor 64. The name and the sequence values of selected Golay sequences are listed in Table 17-7.

Table 17-7 Golay Spreading Sequences
	Name
	Sequence value

	a64
	1144DD88E14B2D87

	b64
	EEBBDD881EB42D87


17.4.2.7.2 PRBS generation with LFSR

The pseudo-random binary sequences are generated by means of LFSR to achieve the spreading factors with values 2 and 4. The structure of LFSR is shown in Figure 17-4.
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Figure 17-4 Structure of LFSR for PRBS Generation
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Figure 17-5. Constellation maps for modulations: (a) /2 BPSK, (b) /2 QPSK, (c) /2 8-PSK, (d) /2 16-QAM
17.4.2.8 Modulation

After FEC encoding and the spreading process, the bits shall be inserted into the constellation mapper. The constellations used for the SC PHY are illustrated in Figure 17-5.

 (1) /2 BPSK

Figure 17-5 (a) shows the signal constellation of /2 BPSK signals. The /2 BPSK (/2 BPSK) modulation is a binary phase modulation with /2 phase shift counter-clockwise.  The /2 BPSK modulator consists of a /2 chip level rotator to conduct the phase rotation. The outputs of two pulse shaping filters are fed into a quadrature modulator and generate the modulated outputs. The diagram of the modulator is shown in Figure 17-6.
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Figure 17-6.  /2 BPSK Modulator
(2) /2 QPSK

The /2 QPSK constellation diagram is shown in Figure 17-5 (b). QPSK encodes 2 bits into one symbol. The /2 shift is employed to obtain a simple implementation aligning with the /2 BPSK
 (3) /2 8PSK
The /2 8-PSK constellation diagram is shown in Figure 17-5 (c), equally spaced on a circle of radius one, representing eight phases. The /2 8-PSK shall encode 3 bits per symbol. The same /2 rotation is performed as for BPSK and QPSK modulation. Gray encoding should be employed in the mapping of /2 8-PSK. The normalization factor, KMOD is 1.

(4) /2 16-QAM

The /2 16-QAM constellation diagram is shown in Figure 17-5 (d). The serial bit stream shall be divided into groups of four bits with input bit c0 being the earliest in the stream. The /2 rotation is performed in the same manner as for other three types of modulations. The normalization factor for /2 16-QAM constellation is 1/10. 

17.4.2.9 Scrambling 

The frame shall be scrambled by modulo-2 addition of the data with the output of a PRBS generator, as illustrated in Figure 17-4. The scrambler shall be used for the DATA. The PLCP preamble, SIGNAL shall not be scrambled.

17.4.2.10 Subblocks and pilot word
Pilot words are used in SC PHY for timing tracking, compensation for clock drift and compensation for frequency offset error. Furthermore, pilot words act as a known cyclic prefix and enables frequency domain equalization if desired. In frequency domain equalization, the data is handled in the unit of subblocks. The building of the data blocks and subblocks is illustrated by Figure 17-7.
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Figure 17-7 Frame format with pilot word
A block shall contain 64 subblocks with the exception of the last block (i.e. the Nb-th block). A subblock is formed by appending a pilot word to the data. The length of the data is Lsubblock–LPW symbols. The possible pilot word lengths are 0 and 64. The Golay sequence for pilot word of length 64 is shown in Table17-8. Even number blocks shall use pilot word sequences of type a. Odd number blocks shall use pilot word sequences of type b. Furthermore, an LFSR shall be used to change the polarity of pilot word from one block to another. The LFSR used shall be the same as the LFSR described in 17.4.2.7.2 with the same initial state, but shall be run at the appropriate rate, i.e., one LFSR output per block. The last subblock of the block shall be followed by a pilot word as well. The pilot word is modulated with π/2 BPSK
17.4.3 SC PHY PLCP frame format

The SC PHY PLCP frame shall be formatted as illustrated in Figure 17-8.

	PLCP preamble
	SIGNAL
	DATA

	Figure 17-8 SC PHY PLCP frame format

	


17.4.3.1 PLCP preamble

A PLCP preamble shall be added prior to the SIGNAL to aid receiver algorithms related to AGC setting, antenna diversity selection, timing acquisition, frequency offset estimation, frame synchronization and channel estimation.

The PLCP preamble shall be transmitted at the rate of 1760 Mchips/s.

The structure of PLCP preambles shall be specified in Figure 17-9.

	SYNC
	SFD
	CES

	Figure 17-9 PLCP Preamble Structure




The SYNC field is used for frame detection and uses a repetition of codes for a higher of robustness. The SFD is used to establish frame timing as well as to distinguish between SC PHY and OFDM PHY modes. The CES field is used for channel estimation.
Two types of preambles are specified in Figure 17-10: (a) the CMS PLCP preamble and (b) PLCP SC preamble. The values of Golay sequences are given in Table 17-8.

	SYNC
b128  (48 repetitions)
	SFD
b128 b128 b128 b128 b128 b128 b128
	CES
a128  a256 b256 a256 b256 b128

	SYNC
a128  (14 repetitions)
	SFD
a128 a128 a128 a128
	CES
a128a256 b256 a256  b256  b128


Figure 17-10 (a) PLCP CMS Preamble and (b) PLCP SC Preamble Structure
Table 17-8 Golay sequences for SFD and CES

	Golay Sequence Name
	Sequence Values

	a128
	0536635005C963AFFAC99CAF05C963AF

	b128
	0A396C5F0AC66CA0F5C693A00AC66CA0

	a256
	[b128 a128   ]

	b256
	[ b128 a128]

	


17.4.3.1.1 Frame synchronization (SYNC)

For a given preamble set, the SYNC field uses different code repetitions for different level of robustness. For the CMS PLCP preamble, the SYNC field shall consist of 48 code repetitions of a128. And for the PLCP SC preamble, the SYNC field shall consist of 14 code repetitions of a128. 

17.4.3.1.2 Start frame delimiter (SFD)

The SFD shall be used to establish frame timing. For CMS PLCP preamble and PLCP SC preamble, the SFD sequences are shown in Figure 17-10 and Table 17-8 respectively.

17.4.3.1.3 Channel estimation sequence (CES)

The CES field shall consist of either a256 or  b256  constructed from Golay complementary sequences of a128 or b128. For both the CMS and the PLCP SC preamble, CES constructed from a128  a256 b256 a256 b256 b128 shall be used. 
17.4.3.2 SIGNAL field

A SIGNAL filed shall be added after the PLCP preamble. The SIGNAL field consists of the PHY frame header that conveys information necessary for successfully decoding the frame. The SIGNAL frame shall include the PHY header and RS parity bits.
The PHY header in the SIGNAL field shall be formatted as illustrated in Figure 17-11.
	Scrambler ID
	Aggregation
	MCS
	Frame Length
	Pilot Word Length
	Reserved

	4 bits
	1 bit
	5 bits
	20 bits
	2 bits
	8 bits


Figure 17-11 PHY header format

· Scrambler ID (4 bits): provide scrambler information

· Aggregation (1 bit):  indicate whether aggregation is used

· MCS (5 bits): indicate the modulation and coding information of DATA

· Frame length (20 bits) : provide information of length of frame

· Pilot Word Length (2 bits): indicate the length of pilot word in DATA

· Reserved (8 bits)
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Figure 17-12 SIGNAL construction process
The detailed process to construct the SIGNAL field is as follows:

1) Construct the PHY header based on information provided by the MAC,
2) Compute and append HCS
3) Compute the RS parity bits and concatenate to the PHY header with HCS
4) Add stuff bits
5) Spread the resulting PHY header
6) Map the resulting PHY header onto p/2 BPSK,
7) Build subblocks from the resulting PHY header. 
 The LFSR for the spreader is reset between the SIGNAL and DATA construction process.

17.4.3.3 DATA field
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Figure 17-13 DATA construction process
The detailed process to construct the DATA field is as follows:

1) Scramble the data payload,
2) Encode the resulting data payload,
3) Add stuff bits
4) Spread the resulting data payload
5) Map the resulting data payload,
6) Build subblocks from the resulting data payload. 
17.5 Orthogonal frequency division multiplexing (OFDM) mode for mmWave PHY

17.5.1 Operating frequency bands

The set of operating channels is defined in Table 17-1. 

17.5.2 OFDM PHY modulation, forward error correction, and spreading

17.5.2.1 MCS dependent parameters

The OFDM PHY MCS dependent parameters are listed in Table 17-9. For the FEC rates of 1/2, 3/4 and 7/8, with LDPC(672,336), LDPC(672,504) and LDPC(672,588) codes are used respectively. The data rates specified in Table 17-9 assume a cyclic prefix length of 64 chips and FFT size 512.
Table 17-9 OFDM PHY MCS dependent parameters

	MCS index
	Data rate

(Mb/s)
	Modulation scheme
	FEC rate (RFEC)


	1
	1512
	QPSK
	1/2

	2
	2268
	QPSK
	3/4

	3
	2646
	QPSK
	7/8

	4
	3024
	16-QAM
	1/2

	5
	4536
	16-QAM
	3/4

	6
	5292
	16-QAM
	7/8

	7
	6930
	64-QAM
	3/4


Table 17-10 OFDM PHY SIGNAL field parameters

The OFDM PHY SIGNAL field parameters are listed in Table 17-10. The OFDM PHY SIGNAL is QPSK modulated and encoded with shortened LDPC(672,336) code. 

17.5.1.2 OFDM PHY timing-related parameters

Timing related parameters for OFDM PHY are listed in Table 17-11. Three modes of OFDM are suggested with different FFT sizes.

Table 17-11 Timing-related parameters

	Parameters
	Description
	Value
	Formula

	
	
	Mode 1
	Mode 2
	Mode 3
	

	fs
	Reference sampling rate
	2640 MHz
	

	Nsc
	Number of subcarriers/FFT size
	512
	128
	64
	

	Ndsc
	Number of data subcarriers
	336
	84
	42
	

	NP
	Number of pilot subcarriers
	16
	4
	2
	

	NG
	Number of NULL subcarriers
	141
	35
	19
	

	NDC
	Number of DC subcarriers
	3
	1
	1
	

	NR
	Number of reserved subcarriers
	16
	4
	0
	

	NU
	Number of used subcarriers
	352
	88
	44
	Ndsc + NP

	NGI
	Guard interval length in samples
	64
	16
	16
	

	Dfsc
	Subcarrier frequency spacing
	5.0625 MHz
	20.625

MHz
	41.25 Mhz
	fs/Nsc

	BW
	Nominal used bandwidth
	1815

MHz
	1815

MHz
	1815 MHz
	NU×Dfsc

	TFFT
	IFFT and FFT period
	~197.53 ns
	~48.485 ns
	~24.242 ns
	1/Dfsc

	TGI
	Guard interval duration
	~24.24 ns
	~6.06 ns
	~6.06 ns
	NGI × TC

	TS
	OFDM Symbol duration
	~218.18 ns
	~54.545 ns
	~30.3 ns
	TFFT + TGI


17.5.1.2 OFDM PHY Forward Error Correction

17.5.1.3 LDPC block code

The supported LDPC block FEC rates, information block lengths, LINF, and codeword block lengths, LFEC, are described in the following Table 17-12.
Table 17-12 LDPC parameters

	RFEC
	LINF(bits)
	LFEC (bits)

	1/2
	336
	672

	3/4
	504
	

	7/8
	588
	


17.5.1.4 Stuff bits

After scrambling, encoding, stuff bits shall be appended in the MAC frame body so that the resulting MAC frame body is aligned with the boundaries of an OFDM symbol. The stuff bits shall set to be zero and then scrambled using the continuation of the scrambler sequence that scrambled the MAC Frame Body field. The number of stuff bits can be calculated as follows.
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17.5.1.5 Constellation mapping

Three types of modulation are proposed for 11ad OFDM PHY: QPSK, 16-QAM and 64-QAM, depending on the MCS requested. The modulation is done by constellation mapping. The binary serial stream shall be divided into groups of NBPSC (2, 4, or 6) bits and converted into complex numbers representing, QPSK, 16-QAM or 64-QAM constellation points. NBPSC denotes the number of bits represented on each modulated symbol. The conversion shall be performed according to Gray-coded constellation mappings. The output values, ak, where k = 0, 1, 2, …, are formed by multiplying the resulting value (Ik + jQk) by a normalization factor KMOD, as described in the following equation:
ak = (Ik + jQk) × KMOD
where Ik and Qk  stand for I channel signal outputs and Q channel signal outputs respectively. The normalization factor, KMOD, depends on the modulation, as prescribed in Table 17-13. The purpose of the normalization factor is to achieve the same average power for all mappings. In practical implementations, an approximate value of the normalization factor can be used, as long as the device conforms to the modulation accuracy requirements. An optional skewed constellation is also specified in Table 17-13 and Figure 17-14. A parameter d is used to distinguish between normal and skewed constellation. Its value is given by:
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Table 17-13Modulation dependent normalization factor

	Modulation
	KMOD

	QPSK
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Figure 17-14 QPSK,16-QAM and 64-QAM normal and skewed constellation bit encoding

17.5.1.6 Tone interleaver 

The tone-interleaver is a bit-reversal tone interleaver which may be combined with the IFFT operation to reduce complexity. The tone interleaver shall be applied to data tones only, i.e. the positions of the DC, null, and pilot tones. 

The tone interleaver operation is performed by first grouping the complex numbers ak = Ik + jQk at the output of the constellation mapping into blocks of complex numbers. These complex values are sent on data subcarriers as described in 17.5.1.7.

17.5.1.7 OFDM modulator

The serial transmitted data stream after coding and interleaving is divided into groups of complex numbers with size NData. Each group of complex data are transmitted parallel via data subcarriers in one OFDM symbol.   

The subcarrier frequency allocation of OFDM modulator for FFT size 512 is illustrated in Table 17-14.

Table 17-14 OFDM PHY Subcarrier frequency allocation for Mode 1


In order for coherent detection, estimation of carrier frequency and against phase noise, 16 pilot subcarriers are assigned. The positions of pilot subcarrier are indicated in Table 17-14. 

The mapping of data and pilot subcarriers within an OFDM symbol for MODE 1is illustrated in Figure 17-15. There are 16 groups of subcarriers where each group is constituted of 21 data subcarrier and one pilot subcarrier.
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Figure 17-15 Subcarrier Frequency Allocation

The subcarrier frequency allocation of OFDM modulator of Mode 2 for FFT size 128 is illustrated in Table 17-15.

Table 17-15 OFDM PHY Subcarrier frequency allocation for Mode 2


In order for coherent detection, estimation of carrier frequency and against phase noise, 4 pilot subcarriers are assigned. The positions of pilot subcarrier are indicated in Table 17-15. 

The subcarrier frequency allocation of OFDM modulator of Mode 3 for FFT size 64 is illustrated in Table 17-16.

Table 17-16 OFDM PHY Subcarrier frequency allocation for Mode 3


In order for coherent detection, estimation of carrier frequency and against phase noise, 2 pilot subcarriers are assigned. The positions of pilot subcarrier are indicated in Table 17-16. 

17.5.2 OFDM PHY PLCP formats

The PLCP format for OFDM PHY is the same as SC PHY as defined in Figure 17-8.

17.5.2.1 OFDM PLCP preamble

The PLCP preamble for OFDM PHY has the same structure as the preamble defined for SC DATA preamble defined in 17.4.3.1. It uses same Golay codes with a different SFD.

	SYNC
a128  (14 repetitions)
	SFD
a128 a128 a128 a128
	CES
a128a256 b256 a256  b256  b128


Figure 17-16 OFDM DATA Preamble Structure

17.5.2.2 OFDM SIGNAL field

A SIGNAL filed shall be added after the PLCP preamble. The SIGNAL field for the OFDM PHY PLCP frame shall be formatted as illustrated in Figure 17-17.

	Scrambler ID
	Aggregation
	MCS
	Frame Length
	Reserved

	4 bits
	1 bit
	5 bits
	20 bits
	8 bits


Figure 17-17 Frame header format
· Scrambler ID (4 bits): provide scrambler information

· Aggregation (1 bit):  indicate whether aggregation is used

· MCS (5 bits): indicate the modulation and coding information of DATA

· Frame length (20 bits) : provide information of length of frame

· Reserved (8 bits)
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Figure 17-18 OFDM SIGNAL field construction process

The construction of OFDM SIGNAL field is as follows:
1) Construct the PLCP PHY header based on information provided by the MAC,
2) Encode with shortened LDPC encoder of rate ½,
3) Add stuff bits,
4) Map the resulting PHY header  to the QPSK constellation,
5) Spread the resulting PHY header
6) Perform interleaving,
7) Pass the resulting values to the OFDM modulator 
17.5.2.3  OFDM DATA field
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Figure 17-19 OFDM DATA field construction process

1) Encode the data payload ,
2) Add stuff bits,
3) Map the result with constellation mapper,
4) Spread the resulting data payload,
5) Perform interleaving,
6) Pass resulting values to the OFDM modulator.
Annex A (normative) Protocol Implementation Conformance Statement (PICS) proforma

A.4 PICS proforma—IEEE Std 802.11-<year>
A.4.3 IUT configuration

Insert the following rows in the appropriate place in A.4.3:
:
	Item
	IUT configuration
	References
	Status
	Support

	* CF10
	Is spectrum management operation supported?
	
	
	Yes, No

	* CF11
	Is regulatory classes capability implemented?
	
	
	Yes, No, N/A

	* CF12
	QoS
	
	
	Yes, No, N/A

	* CF17
	mmWave features
	
	
	Yes, No 


A.4.21 mmWave features

A.4.21.1 mmWave MAC features

	Item
	Protocol capability
	References
	Status
	Support

	
	Are the following MAC protocol features supported?
	
	
	

	mmWaveM1
	mmWave capabilities signaling
	
	
	

	mmWaveM1.1
	mmWave Capabilities element
	
	
	Yes, No, N/A 

	mmWaveM2
	mmWave channel access
	
	
	

	mmWaveM2.1
	Service period
	
	
	

	mmWaveM2.2
	Contention-based period
	
	
	

	mmWaveM3
	VA-MSDU
	
	
	

	mmWaveM3.1
	Aggregation-ACK
	
	
	

	mmWaveM4
	Beam forming
	
	
	

	mmWaveM4.1
	Directional asscoation
	
	
	

	mmWaveM5
	Quieting adjacent BSS
	
	
	

	mmWaveM6
	Coexistence Action frame
	
	
	

	mmWaveM7
	Virtual TS
	
	
	


A.4.21.2 mmWave PHY features

	Item
	Protocol capability
	References
	Status
	Support

	
	Are the following PHY protocol features supported?
	
	
	

	mmWavePHY.1
	PLCP frame format
	
	
	Yes, No, N/A

	mmWavePHY.2
	CMS 
	
	
	

	mmWavePHY.3
	MCS 1-12 of SC PHY
	
	
	

	mmWavePHY.4
	MCS 1-7 of OFDM PHY
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